ABSTRACT WACHSMAN, J. T.
1962.-8-Azaguanine is bactericidal for Bacillus megaterium strain KM, primarily under conditions where growth is possible. This analogue has been used to enrich for auxotrophic mutants in ultraviolet-irradiated populations. The survivors were found to contain from 1.6 to 33.0% amino acid auxotrophs and from 19 to 29% pyrimidine nucleoside auxotrophs. Since many different biological systems are sensitive to 8-azaguanine, the use of this analogue to enrich for auxotrophic mutants may have a more general application than techniques currentlv employed.
A preceding study has shown that 8-azaguanine is bactericidal for Bacillus megaterium, especially under conditions where growth is possible (Mangalo and Wachsman, 1962) . In view of the desirability of having a variety of deficient strains for studies on enzyme localization, it was decided to use 8-azaguanine to enrich for auxotrophic mutants. Cell suspensions were treated with ultraviolet light, incubated under conditions designed to overcome phenotypic lag, and then exposed to 8-azaguanine in basal medium. The present work shows that the survivors are greatly enriched in auxotrophic mutants. Amino acid, and purine and pyrimidine nucleoside deficient strains have been isolated. It is thought that this method may be applicable to a greater variety of biological systems than the enrichment techniques currently employed.
MATERIALS AND METHODS
The experimental methods described in the preceding paper (Mangalo and Wachsman, 1962) were employed.
The general procedure for the isolation of amino acid auxotrophs is shown in Fig. 1 . Cells of B. megaterium strain KM, growing exponentially in basal medium at 30 C, were centrifuged and resuspended in basal medium. For irradiation, 10.0 ml of the suspension were placed in a 100-ml beaker and exposed to ultraviolet light for 30 min (General Electric 15 w germicidal lamp, at a distance of 69 cm). The suspension was kept homogeneous with the aid of a magnetic stirrer. The irradiation was sufficient to reduce the viable count by 4 to 5 logarithms.
The survivors were incubated in basal medium supplemented with the complete amino acid mixture; the population density was approximately 1 X 103 viable cells per ml. The flask was shaken at 30 C until the population reached 1.5 X 108 cells per ml. The cells were then washed twice with, and resuspended in, basal medium at 37 C (approximately 2 X 107 cells/ml). When the population density reached 7 X 107 cells per ml, 8-azaguanine was added (100 mumoles/ml) and the suspension was transferred to a fresh Erlenmeyer flask. The flask was incubated at 37 C with shaking. After 2 and 5 hr of exposure to the analogue, 1.0-ml samples were removed, washed twice with, and finally resuspended in, basal medium. Samples (0.1 ml) of appropriate dilutions were spread on the surface of basal agar plates containing the complete amino acid mixture. Plates were incubated for 24 to 48 hr at 30 C. Colonies were transferred to plates of basal agar and basal agar supplemented with the complete amino acid mixture, with the aid of sterile wooden applicator sticks. After incubation at 30 C for 48 hr, colonies appearing on basal plus amino acids, but not on basal alone, were isolated and retested. All mutant colonies were examined microscopically for the characteristic morphology of B. megaterium.
After irradiation, cells were also grown on basal medium supplemented with a mixture of pyrimidine nucleosides (uridine, cytidine, and at a final concentration of 0.5 ,umoles of each/ml basal medium), guanosine (0.5 ,tmoles/ml), adenosine (0.5 ,umoles/ml), L-methionine (0.8 ,umoles/ml), or alpha, epsilon-diaminopimelic acid (1.0 ,emoles/ml). After exposure to 8-azaguanine, cells were plated on basal agar containing the same supplement used after irradiation. of the survivors. In experiments with single metabolites, the survivors requiring guanosine, adenosine, or L-methionine vary between 1.0 and 4.7%.
Thirteen of the amino acid auxotrophs were characterized, and mutants requiring each of the following L-amino acids were identified: aspartate or asparagine, histidine, proline, threonine, leucine, and methionine. Of 55 pyrimidine nucleoside auxotrophs tested, all were found to grow in the presence of either cytidine or uridine. The free pyrimidine bases were not tested. So far, thymidine auxotrophs have not been found. Attempts to isolate a mutant requiring alpha, epsilon-diaminopimelic acid have been unsuccessful.
The fraction of auxotrophic mutants found after exposure to 8-azaguanine for 5 hr is greater by about 50% than that found after exposure for 2 hr.
DISCUSSION
It is apparent that 8-azaguanine can be used to preferentially kill wild-type cells, thereby providing a population of survivors greatly enriched in auxotrophic mutants. The enrichment achieved with this analogue, after ultraviolet irradiation, is comparable to that obtained when heat is used as a mutagenic agent (Zamenhof, 1960 Since many different biological systems can be inhibited by 8-azaguanine (Smith and Matthews, 1957) , the use of this analogue may have a more general application than enrichment techniques currently employed. These include the use of penicillin (Davis, 1948; Lederberg and Zinder, 1948;  Gorini and Kaufman, 1960) , tritiumlabeled thymidine (Lubin, 1959) , and thymine or diaminopimelic acid deprivation of requiring strains (Bauman and Davis, 1957) . In addition, heat shock of spores germinated on basal medium (Jyer, 1960) and filtration techniques (Fries, 1947) have been employed. The 8-azaguanine technique is especially useful with penicillinaseproducing organisms. Novick (1955) has reported that 8-azaguanine is weakly mutagenic for E. coli, while Freese (1959) could find no mutagenic effect of this analogue on phage T4. We have no evidence that 8-azaguanine is mutagenic for B. megaterium. In one experiment, cells were incubated wvith 8-azaguanine without prior exposure to ultraviolet irradiation. Cells were then plated on basal agar supplemented with the complete amino acid mixture. Of 200 colonies tested, all were found to be the wild t-p)e.
